Introduction
Inflammatory microenvironment is important for development of cancers. Endometriosis is a chronic inflammatory disease in women of reproductive ages. 1, 2 Most cases of endometriosis remain benign, however, it is well-known that clear cell and endometrioid types of ovarian cancers frequently coexist with endometriosis. 3, 4 Such a condition is named endometriosis-associated ovarian cancer (EAOC). Pathological studies demonstrate that benign and malignant lesions are contiguously localized in the same cyst of EAOC. 5 Molecular studies of endometriosis reveal that ovarian cancer cells and coexisting endometriosis glands share common genetic abnormalities. 6, 7 These findings support the notion that endometriosis may play some roles in ovarian carcinogenesis. Contrary to intensive studies of epithelial abnormalities in endometriosis, differential inflammatory microenvironment between endometriosis and EAOC remains to be poorly understood.
Recent studies have elucidated the importance of stromal components for cancer progression. For example, cancer-associated Inflammatory cells play important roles in progression of solid neoplasms including ovarian cancers. Tumor-associated macrophages (TaMs) contribute to angiogenesis and immune suppression by modulating microenvironment. Ovarian cancer develops occasionally on the bases of endometriosis, a chronic inflammatory disease. We have recently demonstrated differential expressions of CXCr3 variants in endometriosis and ovarian cancers. In this study, we showed impaired CXCL4 expression in TaMs of ovarian cancers arising in endometriosis. The expressions of CXCL4 and its variant CXCL4L1 were investigated among normal ovaries (n = 26), endometriosis (n = 18) and endometriosis-associated ovarian cancers (eaOCs) composed of clear cell (n = 13) and endometrioid (n = 11) types. In addition, four cases of eaOCs that contained both benign and cancer lesions contiguously in single cysts were investigated in the study. Western blot and quantitative rT-pCr analyses revealed significant downregulation of CXCL4 and CXCL4L1 in eaOCs compared with those in endometriosis. In all eaOCs coexisting with endometriosis in the single cyst, the expression levels of CXCL4 and CXCL4L1 were significantly lower in cancer lesions than in corresponding endometriosis. histopathological study revealed that CXCL4 was strongly expressed in CD68 + infiltrating macrophages of endometriosis. Keywords: ovarian cancer, endometriosis, CXCL4, tumor-associated macrophage (TAM), inflammatory microenvironment fibroblasts secrete various proinflammatory factors such as CXCL12 (SDF-1) and vascular endothelial growth factor (VEGF), and some of these soluble factors attract bone marrow-derived cells to the lesion for tissue remodeling which supports cancer invasion and metastasis. 8, 9 Chemokines are important regulators of angiogenesis and immune cell recruitment.
10-12 CXC chemokines without Glu-Leu-Arg (ELR) motif such as CXCL4 (PF-4), CXCL9 (Mig) and CXCL10 (IP-10) generally promote anticancer effects by exerting immune responses and anti-angiogenic properties. [13] [14] [15] The main receptor for these chemokines is CXCR3. CXCR3 is expressed in various immune cell subsets, 16, 17 stromal cells including vascular endothelial cells, 14, 18, 19 and some types of tumor cells. [20] [21] [22] [23] There are three CXCR3 variants, i.e., CXCR3A, CXCR3-alt and CXCR3B. 24, 25 CXCL9 and CXCL10 interact with CXCR3A and CXCL11 interacts not only with CXCR3A but also with CXCR3-alt. 25 CXCL4 is the main functional ligand for CXCR3B, 24 and it also interacts directly with VEGF and fibroblast growth factor-2 (FGF-2), exerting inhibitory effects on these angiogenic factors. 15, 26, 27 Platelet α-granules both clear cell and endometrioid EAOCs. The expression level of CXCL4 was the highest in normal, followed by endometriosis (Fig. 1C, left) . The result was consistent with our previous study of clear cell cancers using the primer set amplifying the common region of both variants. 34 The expression level of CXCL4-L1 was shown to be the highest in endometriosis. The expression level of CXCL4-L1 was statistically different between endometriosis and EAOCs of clear cell and endometrioid types, respectively ( Fig. 1C and right) .
Downregulation of CXCL4 and CXCL4-L1 in the cancer contiguously developed from endometriosis. Downregulation of CXCL4 and CXCL4-L1 in cancer lesions of EAOCs indicated that CXCL4-mediated signaling might be disturbed in the cancers arising on the bases of endometriosis. All these endometriosis samples (n = 18), however, were histologically benign and obtained from the patients without the history of cancers. It remained unknown whether endometriosis tissues co-existing with cancers show differential expression patterns of these chemokines compared with the corresponding cancers. Therefore, we investigated CXCL4 and CXCL4-L1 in the endometriosis lesions co-existing with cancer. In four cases of EAOCs, cancer developed in a single endometriotic cyst ( Fig. 2A) . Histological analysis confirmed that the cancer developed contiguously in endometriosis lesion from benign epithelium to overtly malignant cells. Tissues were obtained from microscopically confirmed cancer lesions and endometriotic lesions, respectively, and mRNAs and proteins were isolated. Western blot analysis revealed that CXCL4 bands were detected at significant levels in all endometriosis but undetectable in the corresponding cancers except one in which CXCL4-like band in the cancer was detectable at higher molecular weight (Fig. 2B) . RT-PCR and quantitative RT-PCR revealed that mRNAs of both CXCL4 and CXCL4-L1 were suppressed markedly in these four cancer nests compared with those in corresponding endometriosis lesions ( Fig. 2C and D) .
Histological localization of CXCL4 in ovarian tissues. As mentioned above, CXCL4 and CXCL4-L1, in mature protein forms, show high amino acid homology. Although the antibody selectively recognizing CXCL4 or CXCL4-L1 is not available, these variants are known to be co-expressed in several human cell types at mRNA level. 29 We performed immunohistochemical staining to understand histological localization of CXCL4. In normal ovaries, CXCL4 was expressed in foamy mononuclear cells ( Fig. 3A and B) . These cells were CD68 + macrophages infiltrated in the vicinity of corpus albicans (Fig. 3C) , suggesting that CXCL4 + CD68 + macrophages might contribute to tissue physiology related to previous ovulation. T cells and B cells were not detectable in quiescent ovaries (data not shown). In endometriotic ovaries, cyst walls were infiltrated by mononuclear cells including hemosiderin-laden macrophages (Fig. 3D) . Many CXCL4 + mononuclear cells were detectable in the lesions, and the same distribution pattern was observed in CD68 staining ( Fig. 3E  and F) . Double staining confirmed that most of CXCL4 + cells were co-localized with CD68 + cells (Fig. 3G) . CD3 + T cells and CD20 + B cells were also infiltrated significantly in inflammatory lesions. We investigated whether CXCL4 was also co-localized with these lymphocytes in endometriosis. The majority of CD3 + are considered to be the major cellular source of CXCL4. 28 In addition, CXCL4 is potentially localized in other stromal components such as lymphocytes and endothelial cells, 29, 30 and it interacts with a variety of immune cells like monocytes and neutrophils. [31] [32] [33] Therefore, CXCL4 is expected to exert important pathophysiological effects against solid tumors and infections. We have recently found that CXCL4 and its receptor CXCR3B were downregulated in clear cell ovarian cancers. 34 The results indicate that CXCL4-CXCR3B axis might be disturbed in this type of cancer.
Clear cell and endometrioid ovarian cancers are frequently associated with endometriosis. 3, 5 In the present study, we investigated the expression of CXCL4 in endometriosis and EAOCs of these histological types. We found that CXCL4 was localized in macrophages infiltrating in endometriosis but was depleted from tumor-associated macrophages (TAMs) in EAOCs. Histopathological analysis revealed that CXCL4 was reduced in transitional zones between endometriosis and cancer in EAOCs. Impaired expression of CXCL4 in TAMs and inflammatory microenvironment of ovarian cancers arising in endometriosis are discussed.
Results

Expression of CXCL4 in controls, endometriosis and EAOCs.
We had previously shown that CXCL4 was downregulated at mRNA level in clear cell cancers compared with normal ovaries and endometriosis. 34 In the present study, western blot analysis was done to understand the expression of CXCL4 at protein level (Fig. 1A) . In normal ovaries, CXCL4 bands were clearly detected in all except for two cases in which the bands were very weak or undetectable. In endometriosis, CXCL4 bands were detectable in all and they were as strong as those in normal ovaries. In clear cell EAOCs, CXCL4 bands were detectable in half cases, but three of them showed much weaker bands than those in normal and endometriosis. In the other half cases, the bands were not detectable. In endometrioid EAOCs, weak bands were detected in two cases, and in the others CXCL4 bands were undetectable.
CXCL4-L1 is a variant of CXCL4, showing three amino acid divergence in the C-terminus which contains biding site to heparan sulfate proteoglycans. 35 Although CXCL4-L1 is highly homologous to CXCL4, differential behavior has been reported; CXCL4-L1 is diffusible whereas CXCL4 preferentially remains associated to the cells. 29, 36 Currently, no antibody is available that can distinguish CXCL4-L1 from classical CXCL4 in a specific manner. 29 The band of western blot is thought to be CXCL4 of both classical and variant types. Therefore, we investigated the expressions of CXCL4 and CXCL4-L1 at mRNA level. In our previous study, we used CXCL4 primers amplifying common sequence region of both types. 34 In the present study, CXCL4-specific and CXCL4-L1-specific precursor regions were amplified by RT-PCR, respectively. It was demonstrated that CXCL4-L1, as well as CXCL4, were expressed significantly in normal ovaries and endometriosis. On the contrary, the levels were much weaker in most of cancer cases (Fig. 1B) . Quantitative RT-PCR revealed that CXCL4 and CXCL4-L1 were downregulated in area was almost similar to those in endometriosis, and the extent of infiltration was varied among cases. In transitional zones, however, CXCL4 + cells were sparse or even lacked in most of the cases (Fig. 4B and C) . Some CD68 + cells were overlapped with CXCL4 + cells (Fig. 4E, stars) , but there were also numbers of CXCL4 low CD68 + cells and CXCL4 -CD68 + cells (Fig. 4E,  arrowheads) . In overt cancer areas (Fig. 4F) , CXCL4 + cells were either few in number or undetectable (Fig. 4G) . The depletion of CXCL4 was highlighted in the cancer nests diffusely infiltrated by CD68 + TAMs (Fig. 4H) . Apart from immune cells, in one EAOC, CXCL4 was weekly stained in endothelial cells of benign stromal vessels (data not shown). Exudates in endometriosis and dead cell-containing fluid in cancer debris were often stained with CXCL4 (data not shown). cells were negative for CXCL4 (Fig. 3H) . Although CD8 + cells were often overlapped with CXCL4 cells, most of CXCL4 + CD8 + cells were morphologically larger than typical T cells, and they exhibited phagocytotic feature and were stained with CD68 (data not shown), suggesting that they were CD8 + macrophages. 37, 38 Distribution pattern of CD20 + B cells was different from that of CXCL4 + cells, and CD20 + cells were not overlapped with CXCL4 + cells (data not shown). It was strongly suggested that the main source of cell-bounding CXCL4 in endometriosis was CD68 + macrophage. Next, the expression of CXCL4 in EAOCs was investigated. Microscopically transitional zone lay in the vicinity of the cancer nodule (Fig. 4A) . In all EAOCs, cyst walls were infiltrated by heterogeneous mononuclear cells including hemosiderin-laden macrophages. The staining pattern of CXCL4 in non-cancerous Figure 1 . expression of CXCL4 in normal, endometriosis and cancer tissues. (a) Western blot analysis is performed using anti-CXCL4 antibody that recognizes both CXCL4 and CXCL4-L1. representative cases of normal, endometriosis and cancer tissues are shown. β-actin is used as a control. platelet-derived protein is used as positive control. (B) results of rT-pCr analysis are shown. CXCL4-specific and CXCL4-L1-specific primers are used, respectively. The pCr product samples were subjected to 2% agarose gel electrophoresis and visualized by staining with ethidium bromide. (C) realtime rT-pCr was performed and the expression levels of CXCL4 (left graph) and CXCL4-L1 (right graph) normalized by GapDh were investigated among normal (n = 26), endometriosis (n = 18), clear cell cancer (n = 13) and endometrioid cancer (n = 11) tissues.
to pro-tumoral inflammatory microenvironment. Macrophages are composed of heterogeneous populations, and are currently grouped as M1 (classically activated) and M2 (alternatively activated) phenotypes. 40 It is widely accepted that TAMs belong to M2, and they exert pro-angiogenic and immunosuppressive properties. 39 TAMs may be characterized by some key chemokines
Discussion
A series of investigations have contributed to our understanding of the roles of TAMs in cancer progression, angiogenesis and metastasis. 39 TAMs, in concert with cancer cells and other stromal components, mediate chemokine network and contribute In some types of malignancies including ovarian cancers, CC chemokines such as CCL2, CCL5 and CCL22 attract TAMs, or are produced by TAMs, and they induce tumor immune tolerance. [43] [44] [45] [46] Although the presence of CXCL4 in cultured monocytes and in macrophages of atherosclerosis are reported, 29, 30 the expression of CXCL4 in macrophages under tumor-associated conditions has not been studied, yet. We investigated the expression of CCL2 in the present cases, but found neither disease specific expression pattern nor significant correlation between CCL2 and CXCL4 (data not shown). It may owe in part that all the present cases except control ovaries have special inflammatory background of endometriosis. Since the role of CXCL4 in macrophage under pathological condition is largely unknown, further studies are required. The current study suggests that the downregulation of CXCL4 in macrophages is associated with disease states of EAOCs and pre-malignant lesions. It should be further investigated the chemokine network involving macrophage-derived CXCL4/CXCL4-L1. It is also the subject for future study to clarify whether CXCL4/CXCL4-L1 can be useful in some clinical settings such as disease markers during the process of EAOC development.
Materials and Methods
Samples. Twenty-four EAOC tissues (13 clear cell and 11 endometrioid types) from the patients who received neither radiotherapy nor neoadjuvant chemotherapies, 18 ovarian endometriosis without malignant components, 4 endometriosis lesions of EAOC cases, and 26 normal ovaries of menopausal and postmenopausal patients with cervical cancers were obtained from surgical specimens of the patients operated at Yokohama City University Hospital (YCUH) and Kanagawa Cancer Center (KCC) between 2002 and 2010. Written informed consent was obtained from each patient, and the experiment design was approved by both Institutional Review Boards (IRB no. A100930005 in YCUH and no. 10 in KCC). Clinical information of the cancer patients is summarized in Table 1 . All the cases were reviewed by two pathologists (M.F. and Y.M.), and confirmed that selected cancer ovaries had microscopic endometriosis lesions. These samples were immediately frozen with liquid nitrogen. The remaining tissues were fixed with 10% formalin.
RNA isolation. Total RNAs from the frozen tissues were obtained using RNeasy Mini kit (QIAGEN) according to the manufacturer's instructions.
RT-PCR and real-time RT-PCR. The primers of reverse transcriptase-mediated polymerase chain reaction (RT-PCR) to examine the expression levels of human CXCL4 and CXCL4-L1 variant are as follows: forward (F) 5'-TGA AGA ATG GAA GGA AAA TTT GC-3' and reverse (R) 5'-CAA ATG CAC ACA CGT such as CCL 17 (TARC) and CCL22 (MDC), 39 but it should be noted that such hallmarks of TAMs depend on tumor types, stages and tissue microenvironments. M2 polarization is determined when circulating immune cells reach to the inflammatory lesion and are consequently activated there. In human ovarian cancers, heterogeneity of infiltrating macrophages in pre-malignant and cancer-related diseases is not fully understood.
In the current study, we have demonstrated that (1) CXCL4 and its variant CXCL4-L1 were suppressed in EAOCs compared with those in endometriosis. (2) In four cases of EAOCs in which cancer developed contiguously from single endometriotic cyst, the expressions of CXCL4 and CXCL4-L1 in cancer lesions were at lower levels than those in co-existing endometriosis. (3) The main responsible cell type of CXCL4 expression in benign endometriosis was CD68 + macrophage; on the other hand, CD68
+ TAMs lost CXCL4 in cancer area. The cyst wall of endometriosis is diffusely infiltrated by foamy macrophages, and the lesions are periodically inflamed by menstruation for years. When a clear cell or endometrioid cancer arises on the base of endometriosis, these macrophages might differentiate into pro-tumoral phenotype responding to carcinogenic microenvironment and lose CXCL4 in the disease process. Another possibility is that CXCL4 exhaustion might trigger off pro-tumoral property of macrophages and accelerate carcinogenesis. Further investigation is necessary to understand the mechanism of CXCL4 deficiency in TAMs of EAOCs. We demonstrated previously that the expression of CXCR3B was lower in clear cell cancers than in endometriosis and that the main localization of CXCR3B was in endothelial cells of microvessels. 34 Together with the data of current study, impaired CXCL4-CXCR3B axis seems to be involved in differential angiogenic activities between endometriosis and EAOCs. In cancer nests of EAOCs, CXCL4 -TAMs may not be able to exert CXCR3B-mediated anti-angiogenesis. CXCL4 is also known to inhibit VEGF and FGF-2 in a direct manner. 15, 26, 27 Therefore, insufficient CXCL4 may allow VEGF/FGF-2-mediated cancer progression. In the microenvironment of ovarian cancers characterized by CXCR3B downregulation 34 and increases of VEGF/ FGF-2, 41,42 CXCL4 -TAMs might contribute to cancer development by exploiting several pathways.
CXCL4-L1 variant is known to be a more potent inhibitor than CXCL4 in angiogenesis, 35 and in the current study, the expression level of CXCL4-L1 was the highest in endometriosis. This result indicates that CXCL4-L1 may work as an important mediator of anti-angiogenesis in endometriosis. CXCL4-L1 may be produced not only in macrophages but also in some other cell types, and it preferentially diffuses into circulation. 29, 36 Therefore, we cannot deny the possibility that not only cellular CXCL4-L1 in TAMs but also CXCL4-L1 in fluids are involved in the downregulated CXCL4-L1 in EAOC patients. QuantiTect SYBR Green PCR kit (QIAGEN) was used for real-time RT-PCR analysis according to the method previously described in reference 34. Conditions for PCR were at 50°C for 2 min, at 95°C for 15 min, 40 cycles at 95°C for 30 sec, at 60°C for 30 sec.
Western blot. The mouse monoclonal antibody (mAb) against CXCL4 was purchased from Abcam. Mouse mAb against β-actin was purchased from Sigma. Twelve and one-half micrograms of proteins were subjected to 12.5% gel electrophoresis. Horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG was used as the secondary antibody. Isolated platelets were used as the positive control of CXCL4.
Immunohistochemistry. Mouse mAbs against CD68, CD8, CD4, CD20 and rabbit mAb against CD3 were purchased from DAKO, and CXCL4 was from Abcam. Working dilution was 1:200 in CXCL4 and 1:100 in the other antibodies. Immunohistochemistry was done using ENVISION kit (DAKO) with autoclave antigen retrieval technique. Double staining was performed according to the manufacturer's instructions. In brief, the specimens were incubated with the primary antibody, and then reacted with species-specific biotinylated secondary antibodies, followed by streptavidin-HRP and DAB. After stopping reaction, the specimens were washed thoroughly and incubated with different primary antibody, and then reacted with speciesspecific biotinylated secondary antibodies, followed by streptavidin-alkaline phosphatase and BCIP/NBT. Lymph nodes were used as positive controls.
Statistical analysis. Values were expressed as mean ± SE. Statistical analyses were performed in Statview 5.0. One-way ANOVA was used for statistical evaluation. When a significant difference was seen, post-hoc test was performed. Statistical significance was assumed when p < 0.05 was obtained.
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